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SUMMARY ' :

Thuring the first nine weeks of Phasel of the contract, significant
progress has been mode. The fullesize gore segment design is ’
complete. A 2 by 3-foot plate of 1/2-inch 8-1-1 titznium has been

hot wzcuuwn formed on & die with a saddleback contouvr. This test
verified that the vacuum and elevated temperature was a fersible
provess for forming the part. A sculptured part (L/2 inch by 2 by

3 feet) has been Tormed in o sub-scule pore confipuration die with
conglderable success., Diffusion bonding tests eppear to be sucerssful,
but evaluations are continuing. Preliminary design criteris for the
full-size tonl is complete and Lhe final design 1s 50 percent complete.
Based upon our schedules to meet the target date of October 3, 195,
for rompletion of Phase I of the contract, we are on schedule.

OVERATLIL, PROGRESS
PRELIMINARY DESIGN TASK

The full-size titanlum gore design has been completed and presented
to Manufacturing and Quality Control for concurrence. The drawing

will be reviewed and comments made to Deslgn Engineering before the
beginning of the final design task. At the presenl 'time, there are

ne knowm changes required.

SUB-SCALE TESTING

Sub-scale forming tests and diffusion bonding tests were conducted
to obtain processing and tool design criteria for Tabricating the
full-size titanium pore. These tests are considered to be about 85
percent cemplete since two of the three mejor forming tests are
complete and the diffusion bonding tests sre complete.

The first sub-scale Torming test consisted of hot vacuunm forming a

2 by 3-foot plate of 1/2-inch 8-1-1 titanium in an existing hot
forming die having a saddleback contour. This test wus run primarily
to verify that the vacuum (29 inches) and elevoted temperature (1400
to 1450°R) available in the tool is sufficient to form 1/?«in@h thick
-1 nitandum plate.  The port £L4 the die completoly sl elevaled
tenpoerstura, but as the die and part cooled to room temperature, the
part was off{ the die e maximum ol 7/32 inch. These prellninsry
resulls corrvelate favorably with our expactations.

WAS 8-2053L (2)

Page 1



i b
The purpose of the second sub-scale forming test was to determine
if a l/2winch thick sculptured titanium part would form satisfactorily
to a simulated full-size gore contour. The 2 by 3-foot part showm
in Pigures 1 snd 2 was formed without wrinkles in the new ceramic
form die. However, the test wss not 100 percent successful because
the part did not conform completely Lo the forming tool after processing,
due to loss of vacuum and incomplete forming of the pockets.

During the heastup cyele, the vacuum was malntained at 26 inches of Hg
(1-1/2 hours); however, by the end of the subsequent 1/2-hour scak
pericd. the wvacuum dropped to 22 inches of Hg. After 2 hours of
cooling to obtein S00°F, the part was observed to be approximately
1/h4 inch away from the die at the center of the part. The loss of
vacuum was unfortunate; but, the results showed the parts could be
formed to this contour without wrinkling. ‘

This test vas also intended to show the adequacy of Lhe stainless steel
diaphram for pocket forming. It revealed that the pockets would not
form to the die without some means of transferring disphram prossure

to the center of the pocket. The pockets were relatively flat from

one rib to the next while the vibs were formed Lo contour.

Final sub-scale test will prove that sufficlent vacuum {27 inches of
Hg) will form s sculptured titanium part that contains & diffusion
bonded reinfaoreing ring around the fitting hole. Some pocketed ares
mey not form as resdlly as others, since different shim material will
be used in esch pocket to determine which is the best for lranslerring
diaphram pressurc. The materials to be evaluated for pockeu filler
are titenium, stainless steel, and alumina sand. )

Five diffusion bonding tests were conducted simuwlating the requirement
for the full-size gove. The tests were run on & tool fabricated for
this program. (See Figures 3, 4, and 5.} An 8-1-1 titspnium ring, 1/2-
inch thick with a 5-1/2-inch inside diameter and en cutside diamcter
of 9 inches was diffusion bonded to an 8+1-1 titenium base plate, 20
inches square and 1/2-inch thick. This base plate Les e 5-1/2-inch
dismeter hole ©o accommodate the ring. The first end second tésts
were not successful because of temperatuve sensing problems that
caused excessive heating and consequently melting and- fusion of tool
and part elements. The tempersture sensing problem was corrected,

and the third and fourth tesis were successful. BMicro exsmination

of bond area and grein structures established the process as a meximum
of 1U50°F with 200 psi contact pressure for one hour. Pressures up

to 1500 psi were used to limit contamination of faying surfaces during
the 12 to 15-minute hestiup period before the Joint reuched 1500°F,

but pressuras must be reduced to 500 psi or less 1o preclude excessive
reduction in thickness of the pert as higher temperatures. The {ifth
test consisted of diffusion bonding the ring to o sub-acale part,
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l/Qminch by 2-feet by 3-feet; for the hotv wacuum forming tests.
The honding operation appesrs 1o be gucecessful, but further evaluation
will be made sfter the forming test to verify this. =

It i3 intended that forming of the sculptured, diffusion bonded part
be the last sub-scale test since the process parameilers sre largely
determined and all that remsins is the demonstrated proof from a
samnle part. The process development and teol design sections
reflect what has been learned from the sub-scale lesting that applies
to each of these functions.

PRCCESS DEVETOPMENT

Dotail cporations of the fabricatlion process to be used in making the
full-sized pore were determined from Lhe sub-scale testing.

The process set forth in the propossl and pictured in the seguence chart
attached included the following:

1. Purchase material to the current Boeing mill anneal specification.

o, Diffusion bond (of reinforcing ring) by applying SO0U0 to 10,000 psi
during heatup and reducing the pressure to about 30 psi at bonding
temperature of 1700 to 18C0°F, allowing & l-bour soak time st
temperoture for bonding. '

3. Hot flatten the bonded assembly in a furnace by scsking between
mild steel Dlates Tor 2 hours &t -1200°F,

L, Wachine pocket avess prior to forming.

"Hot" form the gore in a ceramic die by heating the pert to 1450°F
in 30 minutes and holding it at temperature for 30 minutes and then
cenl at a uniform rete not to exceed 100°F per hour from 1450 to
QCO°F. Use wacuum to form the pert sgainst the die during this
cycle.

g1
E

6. Finish trim part to remove forming cxcess.
7. Clean part as required to prevent excessive oxidation and to obtain

an acceptable surface condition.

At the present state of development, the process is basicslly the same
excent the diffusion bonding snd the forming cyclies have been modified.
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Diffusion bonding of the ring would Le aeccouplished by wpplyving
pressures up to 1500 psi during the 15-minute heatup period. This
pressure is reduced to 500 psi at the bonding temperature of 1850°F.
The sosk time will be cne hour at 1850°F using 200 psi pressure.

The forming cyecle now consists of a 90-minute heatup to 1k50°F and
30-minute soak at this temperature with the previously specified
cooling rate of no more than 100°F per hour from 1450 to GOO°F.
Puring this cycle 27 inches of Hg vacuum will be maintained to
provide the necessary forming pressure. Tne heatup cycle was

changed from 30 to 90 minutes because of lhe excessive power require-
ment in the full-size die, agsociated with the shiort cyele. Recent
calculations indicate the 30-minute cycle would require approximstely
500 ¥KVA power; however, the contract is limited to equipment capable
of 300 XVA power; therefore, the longer cycle was selected since it
will not Jeopsrdize the quality of the finished part.

mlIJ“‘F‘*IZR TGOI: D}?‘SI(}‘N

The prélimin&ryiM@l design criteria has been establiched, and the
final tool desipn 1ls 50 percent complete.

The size of the hot vacuum form tool has been lncreased glince last
reported, from 10 by 15 feet to 1k by 19 feet. The following
explanation 1s given for the increase in size,

1. When the vacuum system is used with the tool, it iu effecl becomes
a pressure vessel. Therefore, the tool must be designed to meetl
pressure vessel codes. The pressure of the atmosphere on the
bottom of the tool has been estimated to be over 250 tons.

», There is approximately © inches of excess material on all sides
of the part. This gives a blank size of approximately 8 by 13
feet. ‘ Cot : ,

3. Based on previous tests, we will require €& inches of heated zone
in the tool beyond the blank size. Therefore, the tool size is
increased to 9 by 1b feet.

4, Three feet more on all sides is needed for insulation between the
heated zone and the steel framework, for fairing the ceramic
poritonto the steel fromework for o lead-in of the dinphram, and
Lo allow the contouy of the die Lo gwept-in.  This Lhereases the
size of the tool Lo 1 by 19 feet. The tool conlour uwust be
obtained by sweeping rather then the more conventlonal method of
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febricating to & plaster model. The sweeping will involve moving
2 single tewplate through an arc to produce the finished die surface.
The size of the tool precludes the use of conventionsl methods.

current tool design criteria for design is as follows:

The die will be 1k feet wide, 19 feet long, 4-1/2 feet high and
weigh sbout 45,000 pounds. The construclion will cousist of a
steel box mounted on "I" beams and f£illed with ceramic.

The inconel tubing used for the heating elements will be imbedded
3/8 ineh under the surface of cerawmic. The tubing will run the
lone way of the die except at the ends were & few tubes will run
the opposite way for better heating control.

The specing of the tubing will be approximately 0.00 inch.

The size of the inconel tubing is 1/b~inch diemeter with 0.0L8-
inch wall thickness for the main parc of the die. A small number
of tubes for edge hemting will be 3/16 inch in diameter.

The power requirements for heating of the die will be 00 KVA using
a l-l/2-hour neatup time and 1/2~hour soak time.

The part will have approximately © inches of excess material on all
sides.

The wvacuwn system to draw the part blank to the contour of the ool
will be cepable of pulling 27 to 29 inches of Hg.

Air will be forced through the inconel tube heating system (O
provide wniform cool down of the part after forming. The cool-
down system will be used only when electricel power is off.

The maximum temperature on the outside of the steel box of the
tool will be spproximately 200°F.

The die is being designed to be capable of heating a part to
1450 +75 op
w95 ‘

The disphram will be 0.020 to 0.030-inch gege steinless steel.

CELLANEOUS CONSIDERATIONS

A previously authorized Boeing to buy inconel tube heating elements

HHAS 8-2053h (2)
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for the full-size forming tool as of August 1, 1955, and the titanium
material for the full-size gore segment as of September 1, 1965,
However, Turther approval of the titanium purchase has been subseguently
required by WABA,

The inconel tube heating elements have been ordered for the full-scale
ool to be fabricated in Phase II. The titanium for tue full-size gores
to be fabricated in Phese III will be ordered in the next few days and
will be accomplished as required by Clause 9 of the General Provisions
of the contract.

The size of the tool has in&reased'considerably from that planned in the
proposal. Conseguently, we expect the forming tool cosis Lo be
approximately double the original estimate of $30,000.

Problems

Work to dale has not revesled sny major problems other than the toocl
costs deseribed above.

" NAS 8-2053h4 (2)
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FIGURE 1: OUTSIDE SURFACE OF A SUB-SCALE 1/2-INCH THICK
TITANIUM GORE THAT HAS BEEN HOTVACUUM FORMED
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FIGURE 2: SCULPTURED SIDE OF A 1/2-INCH THICK GORE THAT
HAS BEEN HOT VACUUM FORMED
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FIGURE 40 OVERALL VIEW OF THE DIFFUSION BONDING TOOL BEING
USED TO BON A 1/2-INCH THICK TITANIUM RING DOUBLER

TOY A 1/2-INC THICK TITANIUM PLATE
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FIGURE 5:

2»3930-7115

VIEW OF THE PRESSURE RING AND INDUCTION COIL OF THE
BONDING TOOL BEING USED- TO BOND A 1/2-INCH THICK

TITANIUM RING DOUBLER TO A 1/2-INCH THICK TITANIUM
PLATE
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